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Abstract 

Purpose: To study the anti-inflammatory properties and mechanism of action of date seed extract in 
carrageenan-induced edema in rats. 
Methods: In this study with a pre- and post-test control group design, 30 Wistar rats were divided into 
six groups: Groups C1, C2, and C3 (given 1, 3, and 5 g/kg of soaked date seeds, respectively); positive 
control (PC, positive control given dexamethasone, 0.5 mg/kg dose), negative control (NC, edema 
induced by carrageenan), and healthy control (HC, no treatment). In groups C1–3, PC, and NC, 
carrageenan was administered intraperitoneally prior to date seed, PC and NC treatments. 
Prostaglandin E2 (PGE-2), cyclooxygenase (COX)-1, COX-2, interleukin (IL)-1β, and IL-12 were 
measured before and immdiate;y after treatment and compared between the groups. 
Results: Steeped date seed modulated inflammatory mediators by decreasing IL-1β, COX-1, COX-2, 
IL-12, and PGE-2 significantly (p < 0.05). Its indicated that the steeped date seeds down-regulate pro-
inflammatory mediators in a manner similar to that of dexamethasone as positive control.  
Conclusion: Steeped date seeds possess anti-inflammatory activity similar to that of dexamethasone, 
through a mechanism involving decreases in pro-inflammatory mediators. Thus, date seeds is a 
potential source of herbal anti-inflammatory therapy. 
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INTRODUCTION 
 
Trauma in the human body can cause 
inflammation. Pro-inflammatory mediators serve 
to fight infectious microorganisms and repair 
damaged tissues. However, if inflammation lasts 
long due to low immunity, healing processes can 
be inhibited. Infection caused by microorganisms 
can be prevented by providing antioxidants as 

anti-inflammatory agents to boost the immune 
system [1]. One antioxidant of local potency is 
the date seed (Phoenix dactylifera L.). Date 
seeds have been proven to possess flavonoids, 
tannins, saponins, glycosides, vitamin C, vitamin 
E, minerals, and amino acids [1]. 
 
The active principles in date seeds are phenolic 
compounds, flavonoids, minerals, vitamins, and 
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crude fiber [2]. These compounds exhibit 
antioxidant activity [3]. Previous studies have 
shown that date seeds have anti-atherogenic 
properties [4].These antioxidants may protect 
sperm cell membranes from free radical 
oxidation [5]. Date seeds possess anti-
inflammatory and immune-stimulatory activities 
[6]. However, not much is known about these 
activities. 
 
Decreases in pro-inflammatory mediators reduce 
inflammatory processes and mitigate pain and 
fever. Cyclooxygenase (COX) and pro-
inflammatory mediators, including prostaglandin 
E2 (PGE-2), interleukin (IL)-1, and IL-12, are 
important inflammatory mediators [7]. However, 
their excessive activity can disrupt the healing 
process. The mechanism through which date 
seeds suppress pro-inflammatory mediators is 
unknown. Therefore, it is important to research 
on the anti-inflammatory mechanism of date 
seeds. This research was conducted to 
determine the anti-inflammatory mechanism of 
steeped date seeds in carrageenan-induced 
edema in rats. 
 
EXPERIMENTAL 
 
Preparation of date seeds 
 
Deglet Noor dates from Tunisia were purchased 
from a supermarket near Purwokerto.  The date 
seeds were free from physical damage, insect 
infestation, and fungal infection. The seeds were 
washed in running water and sun-dried for one 
day. The dried seeds were roasted at 60 oC, 
ground with a coffee grinder and filtered to obtain 
2 kg of fine powder. Hot water was then added, 
and the mixture was stirred evenly, filtered and 
stored in a cabinet at 4 oC. Each dose was 
diluted in 3 ml of boiled water. 
 
Phytochemical screening 
 
Phytochemical screening was performed to 
identify flavonoids, terpenoids, and saponins, as 
described in a previous study [8]. 
 
Animals  
 
A total of 30 male Wistar rats aged 3 – 4 months 
(weighing 250 – 300 g) were obtained from the 
animal experimental unit of Universitas Gadjah 
Mada. The rats were placed in separate cages 
and kept at room temperature (22 – 23 °C) under 
a 12:12 (dark: light) cycle. They were adapted to 
the laboratory environment for one week, prior to 
the study, and were given ad libitum access to 
food and water. The animal experiments were 
conducted in accordance with the ethics and 

protocols of animal studies. This study was 
approved by the Medical Research Ethics 
Committee of the Faculty of Medicine, University 
of Sebelas Maret Surakarta (approval no. 
331/IV/HREC/2017). All the animal 
procedures/protocols were performed as per NIH 
guidelines. 
 
Study design 
 
In this study with a pre- and post-test with control 
group design, the 30 Wistar rat strains were 
divided into six groups: Groups C1, C2, and C3 
were given 1, 3, and 5 mg/kg date seeds, 
respectively; group C4 was the positive control 
given dexamethasone at a dose of 0.5 mg/kg 
orally. Group C5 (negative control) and group C6 
(healthy control, were without any treatment). 
Groups C1 – C5 were each administered a single 
1-ml dose of carrageenan (0.3 % w/v) 
intraperitoneally prior to treatment.  Two days 
later, 5 ml blood samples were taken for pre-test. 
Then, date seeds were given for 14 days, after 
which blood was taken for tests. The levels of 
PGE-2, COX1, COX2, IL-1, and IL-12 were 
measured using an ELISA kit (BT Laboratories, 
Shanghai) and an ELISA Reader machine 
(Labtron, Germany) based on the manufacturer’s 
protocols. 
 
Statistical analysis  
 
The data are presented as frequency distribution 
tables, and reported as mean ± SD. Normal data 
were tested using Shapiro–Wilk test and 
compared between the groups using one-way 
ANOVA test. Values of p < 0.05 were considered 
statistically significant. Post-hoc test utilized least 
significant difference (LSD). 
 
RESULTS 
 
Phytochemical screening showed that Deglet 
Noor date seed powder contained flavonoids, 
terpenoids and saponins (Table 1). The total 
flavonoid content was 24.5 mg/mL. In contrast, 
previous studies showed that seeds of Majhoul, 
Bousthammi and Boufgous dates contained 
flavonoid levels of 1,659 ± 0.022, 1,844 ± 0.018, 
and 1,224 ± 0.03 rutin equivalents/100 g dry 
weight, respectively [9]. 
 
Following carrageenan administration, IL-1β 
levels were increased in groups 1–5 before 
treatment, when compared with the HC group. 
The mean IL-1β level in group C6 was 847 ± 
105.53 pg/mL. After 14 days of the seed 
treatment, IL-1β levels were marginally 
decreased, but there were no significant 
differences in groups C1–C3 (Figure 1). The date 
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seeds restored IL-1β close to normal level. There 
were no significant differences between groups 
C1, C2, C4, and C6 (Table 2). These findings 
indicate that the groups receiving 1 and 3 mg/kg 
of date seeds were comparable to group C4 
(positive control given dexamethasone dose (0.5 
mg/kg) and group C6 (healthy control). 
 
Table 1: Qualitative and quantitative test of 
phytochemical compound 
 
 Test Level 
     Qualitative test  
 Flavonoids +++ 
 Terpenoids ++ 
 Saponins +++ 
    Quantitative test  
 Polyphenol level 9.27 mg/mL 
 Flavonoid level 24.5 mg/mL 
 
Table 2: Effect of date seed treatment on IL-1β levels 
 
Gro
up 

C1 C2 C3 PC NC HC 

C1 - 0.95
6 

0.11
5 

0.061 0.030
* 

0.507 

C2 0.95
6 

- 0.10
5 

0.067 0.027
* 

0.542 

C3 0.11
5 

0.10
5 

- 0.003
** 

0.458 0.035
* 

PC 0.06
1 

0.06
7 

0.00
3 

- 0.001
** 

0.192 

NC 0.03
0* 

0.02
7* 

0.45
8 

0.001
** 

- 0.008
** 

HC 0.50
7 

0.54
2 

0.03
5* 

0.195 0.008
** 

- 

C1–C3: groups treated with 1, 3 and 5 g/kg date 
seeds, respectively. NC: negative control, PC: positive 
control, HC: healthy control. *p < 0.05, **p < 0.01 
{least significant difference (LSD) test} 
 

 
 
Figure 1: IL-1β levels pre- and post-date seed 
administration (mean ± SD). C1–C3: Groups treated 
with different doses of date seeds. NC: negative 
control, PC: positive control, HC: healthy control.  
 
Compared to healthy control group, COX-1 
activity after carrageenan administration and 
before the treatment showed a significant 

improvement (p = 0.003). The level of COX-1 in 
group C6 was 3.64  0.22 ng/mL. After the 
treatment, COX-1 levels returned to normal 
(Figure 2). The LSD post-hoc test results showed 
no significant difference between the treatment 
groups and groups C4 and C6 (Table 3) but 
there were significant differences between the 
treatment groups and group C5 (p < 0.05). 
 
Table 3: COX-1 levels after date seed treatment 
 
Gro
up 

C1 C2 C3 PC NC HC 

C1 - 0.41
9 

0.38
9 

0.32
7 

0.00
3** 

0.15
7 

C2 0.41
9 

- 0.95
5 

0.85
6 

0.00
1** 

0.51
3 

C3 0.38
9 

0.95
5 

- 0.90
1 

0.00
1** 

0.54
9 

PC 0.32
7 

0.85
6 

0.90
1 

- 0.00
1** 

0.63
3 

NC 0.00
3** 

0.00
1** 

0.00
1** 

0.00
1** 

- 0.00
8** 

HC 0.15
7 

0.51
3 

0.54
9 

0.63
3 

0.00
8** 

- 

C1–C3: groups treated with date seed at doses of 1, 3 
and 5 g/kg, respectively. NC: negative control, PC: 
positive control, HC: healthy control. *p < 0.05, **p < 
0.01 {least significant difference (LSD) test}. 
 

 
 
Figure 2: COX-1 levels pre- and post-date seed 
administration (mean ± SD). C1–C3: groups treated 
with date seed at doses of 1, 3 and 5 g/kg, 
respectively. NC: negative control, PC: positive 
control, HC: healthy control 
 
The COX-2 activity after carrageenan treatment 
was increased in groups C3, C4, and C5 but was 
significantly different from groups C1 and C2 (p = 
0.000). The mean level of COX-2 was 2.01 
ng/mL for group C6. After the treatment, COX-2 
levels were decreased (Figure 3). The post-hoc 
test showed no differences between group C6 
and groups C1, C2, and C4 (Table 4). However, 
group C3 showed a larger decrease than group 
C4. 
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Table 4: Effect of date seed extract on COX-2 levels 
 
Group C1 C2 C3 PC NC HC 
C1 - 0.474 0.015* 0.324 0.000** 0.777 
C2 0.474 - 0.004** 0.103 0.000** 0.662 
C3 0.015* 0.004** - 0.098 0.000** 0.009** 
PC 0.324 0.103 0.139 - 0.008* 0.001* 
NC 0.000** 0.001* 0.000** 0.008* - 0.265 
HC 0.777 0.000** 0.000** 0.001* 0.265 - 
C1–C3: groups treated with date seed at doses of 1, 3 and 5 g/kg, respectively. NC: negative control, PC: 
positive control, HC: healthy control. *p < 0.05, **p < 0.01 {least significant difference (LSD) test} 
 

 
 
Figure 3: COX-2 levels pre- and post-date seed 
extract administration (mean ± SD). C1–C3: groups 
treated with date seed at doses of 1, 3 and 5 g/kg, 
respectively. NC: negative control, PC: positive 
control, HC: healthy control 
 
The IL-12 levels were significantly increased 
after carrageenan administration (p = 0.000). 
Results from one-way ANOVA showed 
significant differences between the treatment 
groups (C1 – C3) and group C6 (p = 0.000) 
(Figure 4). The mean level of IL-12 in the healthy 
control group was 55.00  7 pg/mL. After the 
treatment, the mean level of IL-12 was 
significantly decreased (p = 0.000). The LSD 
post-hoc test showed more significant 
differences in the treatment groups (C2 and C3) 
and groups C4 (PC) (Table 5), indicating that 
date seed doses of 3 and 5 mg/kg exerted better 
effects than dexamethasone in reducing IL-12 
levels. 
 
PGE-2 levels after carrageenan administration 
were significantly increased, and there was a 
significant difference between healthy control 
group (HC) and the other groups given 
carrageenan (C1-C3) (p < 0.05) (Figure 5). 
 
The mean PGE-2 level was 2.67  0.64 ng/mL 
for the healthy control group. Following the 
administration of date seeds, PGE-2 levels were 
significantly decreased, relative to groups C5 and 
C6. However, there was no significant difference 
between the treatment groups (C1 – C3) and 
dexamethasone (group C4) (Table 6). 
Comparison with the positive control revealed 
that the mechanism of action of date seeds was 

similar to that of dexamethasone i.e. through 
regulation of pro-inflammatory mediators. 
 
DISCUSSION 
 
Variations in the active phytochemical 
components of various date species are 
influenced by soil conditions, geographical 
location, cultivar type, planting age, plant 
diseases, storage conditions, and treatments 
before seed processing [10]. The flavonoids in 
date include apigenin derivatives and quercetin; 
proanthocyanidin dimers and trimers, and 
epicatechin, while the phenolic compounds 
include several protocatechuic and 5-
caffeoylshikimic acids [11]. 
 
Table 5: IL-12 levels after date seed extract treatment 
 
Gro
up 

C1 C2 C3 PC NC HC 

C1 - 0.00
0** 

0.00
1** 

0.29
1 

0.00
0** 

0.00
0** 

C2 0.00
0** 

- 0.76
6 

0.00
4** 

0.00
0** 

0.00
0** 

C3 0.00
1** 

0.76
6 

- 0.00
6** 

0.00
0** 

0.00
0** 

PC 0.29
1 

0.00
4** 

0.00
6** 

- 0.00
0** 

0.00
0** 

NC 0.00
0** 

0.00
0** 

0.00
0** 

0.00
0** 

- 0.00
0** 

HC 0.00
0** 

0.00
0** 

0.00
0** 

0.00
0** 

0.00
0** 

- 

C1–C3: groups treated with date seed at doses of 1, 3 
and 5 g/kg, respectively. NC: negative control, PC: 
positive control, HC: healthy control; *p < 0.05, **p < 
0.01 {least significant difference (LSD) test} 
 

 
 
Figure 4: IL-12 levels pre- and post-date seed 
administration (means ± SD). C1–C3: groups treated 
with date seed at doses of 1, 3 and 5 g/kg, 
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respectively. NC: negative control, PC: positive 
control, HC: healthy control 
 
Table 6: PGE-2 level after date seed extract treatment 
 
Gro
up 

C1 C2 C3 PC NC HC 

C1 - 0.62
7 

0.68
9 

0.89
8 

0.00
4** 

0.00
0** 

C2 0.62
7 

- 0.38
1 

0.54
1 

0.01
0* 

0.00
0** 

C3 0.68
9 

0.38
1 

- 0.78
5 

0.00
2** 

0.00
0** 

PC 0.89
8 

0.54
1 

0.78
5 

- 0.00
3** 

0.00
0** 

NC 0.00
4** 

0.01
0* 

0.00
2** 

0.00
3* 

- 0.00
0** 

HC 0.00
0** 

0.00
0** 

0.00
0** 

0.00
0** 

0.00
0** 

- 

C1–C3: groups treated with date seed at doses of 1, 3 
and 5 g/kg, respectively. NC: negative control, PC: 
positive control, HC: healthy control; *p < 0.05, **p < 
0.01 {least significant difference (LSD) test} 
 

 
 
Figure 5: PGE-2 levels pre- and post-date seed 
administration (mean ± SD). C1–C3: groups treated 
with date seed at doses of 1, 3 and 5 g/kg, 
respectively. NC: negative control, PC: positive 
control, HC: healthy control 
 
The levels of vitamin C, alpha-tocopherol, and 
activities of SOD, catalase, and peroxidase vary 
widely among date species [12]. Roasting 
increases the level of caffeine, amount of 
flavonoids, and antioxidant capacity in dates [13]. 
Aqueous extracts of date seeds contain higher 
amount of total phenolics and flavonoids than 
any other extract type [14]. 
 
The data obtained in the present study showed 
increased pro-inflammatory cytokines after 
carrageenan administration. The increased levels 
of COX-1, COX-2, PGE-2, IL-1β, and IL-12 are 
associated with the induction of pro-inflammatory 
cytokines by carrageenan leading to their 
increased expression. Evidence have shown that 
IL-1β is involved in various biological activities 
during the inflammatory process [15].  
 

Carrageenan-induced enhancement of pro-
inflammatory mediators has been widely reported 
in previous animal studies [16]. In this study, the 
inflammatory responses were significantly 
suppressed by date seeds at all doses tested (p 
< 0.05), as depicted in the differences in enzyme 
activities between the treatment groups and the 
negative control group. The anti-inflammatory 
effects of the seeds may be associated with 
polyphenolic compounds and flavonoids, as 
shown in their ability to inhibit the production of 
nitric oxide (NO), TNF-α, and IL-6 [17].  
 
The inflammatory processes involve many 
mediators such as prostaglandins, prostacyclins, 
lymphokines, and chemokines (e.g., interferon-γ 
(IFN-γ), IFN-α, IL-1, IL-8, histamine, 
hydroxytryptamine, and TNF-α). Date palm 
contains alkaloid compounds, and alkaloids 
inhibit COX and lipoxygenase (LOX) pathways 
[7]. Some alkaloids significantly inhibit PGE-2 
production and decrease NF-kB populations. The 
PGE-2 molecules in the inflammatory processes 
can stimulate the nervous system, resulting in 
pain sensations. The biosynthesis of PGE-2 
involves two pathways COX-1 and COX-2, and 
inhibition of these pathways decreases PGE-2 
synthesis. In healthy individuals, COX-2 
synthesis is low or absent, but it is controlled by 
pro-inflammatory cytokines, such as IL-1 and 
TNF-α, in response to infection or inflammation 
[18].  
 
Inflammation processes produce arachidonic 
acid oxidation of PGE-2 and lipoxins which are 
released from infiltrated myeloid cells. Previous 
studies have also shown that inflammation leads 
to the suppression of NF-kB, inhibition of COX-1 
and COX-2, and regulation of LOX transcription 
factor [19]. However, studies using steeped date 
extract as an anti-inflammatory agent have not 
been previously conducted. 
 
Date seeds contain flavonoids such as quercetin, 
oleanolic acid, and caffeine. The seed can 
suppress edema as a result of inflammation due 
to LOX inhibition. Flavonoids inhibit NO 
production by affecting the expression of 
inducible gene NO synthase (iNOS). Another 
possible mechanism for flavonoids as an anti-
inflammatory agent is the inhibition of the 
synthesis of PGE-2 and COX-2, which leads to 
the suppression of pro-inflammatory gene 
expression [7]. Cytokines produced by cells work 
on other cells to bring changes to target cells. 
Large amounts of cytokines are produced by 
different types of cells, including immune cells 
and epithelial cells. The inhibition of IL-1 and IL-
12 pro-inflammatory cytokine activity may 
decrease inflammation processes and suppress 
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the T cell activation pathway [18]. Recent studies 
suggest that flavonoids serve as anti-
inflammatory agents [16]. 
 
Phenolic compounds are usually found in date 
palms, and these compounds also act as anti-
inflammatory agents [20]. These compounds 
exert their anti-inflammatory effect by inhibiting 
leukocyte migration and reducing serum 
lysozyme, NO, PGE-2, and malondialdehyde 
levels [7]. The inhibition of TNF-α, decreases the 
activities in IL-6 and IL-1β and vice versa, and 
the inhibition of IL-1β decreases IL-6 levels. The 
inhibition of IL-12 decreases excessive levels of 
IFN-γ, and B lymphocytes produce TNF-α and 
IL-1β. Some cytokines work synergistically (e.g. 
IL-1 and TNF-α, TNF-α and IFN-γ, and IL-1β and 
IL-6) [21]. Therefore, the inhibition of one 
component can stop the synergy and reduce the 
severity of diseases. Phenolic compounds inhibit 
the expression of IL-1β, and a recent study 
showed that steeped date seeds decreased IL-6 
levels [21].  
 
Phenolic compounds have been grouped into 
flavonoids and non-flavonoids. Some phenolic 
compounds such as caffeic acid and quercetin, 
decrease NF-kB levels, which inhibit NO 
production via decreased iNOS biosynthesis. 
Gallic acid inhibits the secretion of histamine and 
pro-inflammatory cytokines from mast cells. 
Further, ferulic acid has been described to 
decrease the activity of NO and PGE-2 in the 
inflammatory processes [22]. These compounds 
work in the similar mechanism as non-steroidal 
anti-inflammatory drugs (NSAIDs) [23]. 
 
Date seeds have been shown to contain p-
coumaric acid, phenolic compounds, vitamin C, 
and vitamin E, which act as antioxidants [10]. 
Their antioxidant properties also contribute to 
their anti-inflammatory effects [19]. Antioxidants 
can work as anti-inflammatory agents by 
inhibiting pro-inflammatory mediators [24]. 
Several studies have shown that the suppression 
of pro-inflammatory cytokines in numerous 
autoimmune diseases is beneficial based on the 
immunosuppressive properties on some 
cytokines such as IL-1, IL-6, IL-12, TNF-α, and 
IFN-γ. 
 
Date seeds also contain tannins which are potent 
inhibitors of COX-1, and they have anti-phlogistic 
activities [16]. In other studies, date seed extract 
significantly decreased the levels of TGF-β, TNF-
α, IL-6, and IL-1β (p < 0.05) [25]. 
It has been shown that PGE-2 is a potent 
inhibitor of IFN-γ and IL-2, and it increases 
intracellular cAMP by suppressing the production 
of TNF-α, IFN-γ, and IL-2. Indeed, PGE-2 

analogs (e.g., cicaprost and treprostinil) inhibit 
the pro-inflammatory cytokines IL-12, TNF-α, IL-
1α, and IL-6 [21]. The findings of this study 
supports previous research conducted on broiler 
chickens. Date seed supplementation acts as 
immune-stimulant by increasing the levels of IL-2 
and IFN-γ [25]. In another study, the 
administration of dried date extract to mice 
improved immunity mediated by T and B 
lymphocytes [21]. 
 
The clinical implication of the present research is 
that date seeds have been proven to serve as 
anti-inflammatory agents through the 
suppression of pro-inflammatory mediators. The 
results indicated that date seeds regulate the 
expression of COX-1 and COX-2, and the 
production of PGE-2. In addition, they decrease 
the synthesis of cytokines (IL-1β and IL-12). 
 
CONCLUSION 
 
The findings obtained from this study indicate 
that date seed extract act as anti-inflammatory 
agents via downregulation of COX-1, COX-2, 
PGE-2, IL-1β and IL-12. The activity of the 
compounds in date seeds appears similar to that 
of dexamethasone. This finding should promote 
the development of date seed-based products as 
therapeutic agents for suppressing 
inflammations. 
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